A non-chromatographic automated system for the speciation and determination of inorganic and trimethylantimony (TMSb) exploiting multisyringe flow injection analysis (MSFIA) with hydride generation (HG) and atomic fluorescence spectrometry (AFS) is described. A cationic minicolumn was use for retain the methylated forms of Sb which can generate hydrides, minimizing errors in the inorganic antimony speciation step. The optimization was performed in a multivariate way by employing a three- 
Introduction
Antimony is an ubiquitously pollutant distributed at low concentrations in natural water, for this reason it is important to develop sensitive methods for its determination.
Antimony is present in the aquatic environment as result of rock weathering, soil runoff and anthropogenic activities. Because of their chemical properties, antimony is widely used in industry. Among the various industrial applications of Sb compounds, antimony trioxide (Sb 2 O 3 ) is profusely employed in the production of glassware and ceramics [1] . 2 Furthermore, Sb 2 O 3 is added to molten glass as a clarifying agent and is used as a pigment in dyes and paints as well as in the textile industry. Several Sb compounds are used as additives to batteries, metal coatings and to rubber, and others are added to textiles as flame retardants. In 2010 the world mine production of Sb was estimated in 165,000 tons [2] . Also Sb is a common component of coal and petroleum. Thus Sb is released to the environment from industrial activities. Typical concentrations of solved antimony in unpolluted waters are less than 1 µg L -1 However, in the proximity of anthropogenic sources can reach up to 100 times naturals levels [3] .
Generally, the inorganic species of antimony are more toxic than those organic forms, and its compounds were considered as pollutants of priority interest by the Environmental Protection Agency of the United States (USEPA) and by the European Union (Council of the European Communities) [3, 4] . Antimony and its compounds don't showed biological functions know [5] . They are easily accumulated in organisms and cause deleterious effects in humans when their content goes beyond the allowable limit. The antimony determination content is important to protect the health of people and prevent environmental contamination due of their toxicity [5] .
The development of highly sensitive techniques to identify and/or to quantify Sb species has opened up an increasingly attractive research area for elucidating the fate of Sb among the different environmental compartments. The vast majority of studies was focusing on methods based on high-performance liquid chromatography (HPLC), used in conjunction with element-specific detector. These methods using HPLC separations of Sb species are based on anion-exchange chromatographic methods due to predominance of Sb anionic species in aqueous environmental samples [6] . Since the first proposal using an anion-exchange column [7] , cationic and reversed-phase chromatographic columns have also been evaluated [8] , but species separation was not improved compared to anion-exchanged methods. In this context, the accurate separation of inorganic Sb(III), Sb(V) and methylated Sb species using a single chromatographic system is notoriously problematic and they are less often described in the literature. Several HPLC methods have attempted such a purpose, most of them based on use of strong anion-exchange stationary phases and complexing mobile phases to improve Sb(III) elution [6] . Furthemore HPLC systems are complex, an expensive instruments and produces dilatory methodologies.
Hydride generation (HG) techniques are widely used for the determination of volatile hydride forming elements in analytical atomic spectrometry to enhance detection power 3 and minimize or eliminate matrix interferences while incurring relatively low additional cost and minimal sophistication [9] . Usually, these techniques were combined with atomic absorption spectrometry (HG-AAS) [10] , atomic fluorescence spectrometry (HG-AFS) [11, 12] , inductively coupled plasma optical emission spectrometry (HG-ICP-OES) [13, 14] and inductively coupled plasma mass spectrometry (HG-ICP-MS) [15, 16] . Alternative applications using HG-AFS system can also be used [17] .
Not only Sb(III) is reduced by NaBH 4, methylated species of Sb are reduced and Sb(V) partially reduced also [18] . This is an important drawback in Sb speciation by HG to obtain accurate results. The 8-hydroxiquinoline was used as masking reagent to Sb(V) and transition metals during stibine formation [19] . For determination of Sb(V) by HG, it should be previously pre-reduced to Sb(III). Most methodologies for Sb determination has only been applied for the separation or speciation of inorganic species, Sb(III) and Sb(V), without considering the organic species of antimony. This dimethylatrion leads to formation of Me 2 SbH, MeSbH 2 , SbH 3 , and Me 3 Sb, an issue which has been discussed extensively in the literature, but has not yet been unequivocally solved [15] . Although non-chromatographic methodologies are an interesting alternative, because they are cheaper, easy to operate and faster than HPLC systems, only a single paper has been addressed using non-chromatographic system for antimony speciation. The author studied the influence of a combination of fluoride and iodide as modifier for the reduction process of Sb(III), Sb(V) and TMSb of the stibine generation using flow injection hydride generation coupled to an inductively-coupled plasma atomic emission spectrometer (FI-HG-ICP-AES), the method was applied to fruit orange juice samples [20] .
Currently, the multivariate optimization strategies are very popular in the development of analytical methodologies. The main advantage of their use is the low number of experiments required to achieve the optimal conditions and the indication of possible influences of some variables on others, which is not possible in the univariate optimization. The response surface methodology (RSM) can be considered one of the most important approaches for the multivariate optimization of several analytical procedures [21, 22] . [3] . In the present study was used a cationic exchange minicolumn in order to retain the methylated forms of Sb which can generate hydrides. In this sense, retention of trimethylated specie contributes to minimize the errors in the step inorganic forms determination presents in the sample.
Experimental

System set-up
The configuration of the system is presented in Figure 1 . In the proposed system, four syringes were used: S1 (2.5 mL), S2 (2.5 mL), S3 (1.0 mL) and S4 (5.0 mL). The syringes were used as follow: S1 for propulsion of the 
Standard solutions and reagents
All chemicals and reagents used were of analytical-grade or higher purity. Ultra pure
, Millipore, Watford, UK) was used throughout the study.
Glassware and plasticware were cleaned by soaking in 10% (v/v) nitric acid and rinsed with ultra-pure water prior to use. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 in 50 mL of ultra-pure water.
A mass of 0.2360±0.0020 g of cation exchange resin DOWEX® 50W-X8 was used (polystyrene-divinylbenzene with sulfonic functional group, 100-200 mesh).
Samples collection and treatment
The water samples were collected and filtered through 0.45 µm cellulose acetate membrane filters immediately after sampling, and acidified to pH 2.0 with hydrochloric acid and stored at 4°C. The bottles were previously washed with a 10% v/v nitric acidwater solution and afterward with ultrapure water. Before analyses, samples were placed whit 8-hydroxyquinoline 0.05% (w/v) and HCl 10% (w/v) and analyzed before 24 h.
Analytical procedure
The analytical procedure for the determination and speciation of Sb can be summarized as follow in three steps:
1) In the first step, Sb(III) is determined. The sample (2.0 mL) is loading in the sample coil through the S4 with V4 and V5 in the "on" position. The sample is then dispensed at 5 mL min -1 with V4 in "on" position and V5 in the "off" position. At this time the V6 switches to "on" position allowing the sample passes through the minicolumn and thus TMSb is retained. Then, sample plug is mixed with HCl (1.0 mL) and NaBH 4 (1.0 mL) solutions (2.5 mL min -1 ) in the reaction coil 2 (RC2). The mixture is impelled to gas-liquid separator (10 mL min -1 ), where the stibine (H 3 Sb)
is delivered to AFS-detector by Ar gas at 300 mL min -1 , before passing through the 7 permapure dryer with N 2 at 300 mL min -1 flow rate. In this step, Sb(V) did not show any sign of fluorescence emission due to use 8-hydroxyquinoline complexing agent and the absence of the pre-reducing agent (KI).
2) In the second step, total inorganic fraction is determined, i.e. Sb(III) and Sb(V). The procedure is very similar to the step 1, but 0.4 mL of KI are added (1.0 mL min -1 ) in the reaction coil 1 (RC1) in order to pre-reduce Sb(V) to Sb(III). Later, the mixture is merged in the RC2 with HCl and NaBH 4 solutions. The Sb(V) concentration is calculated by subtracting the Sb(III) concentration previously obtained. In this step, although the mechanism is still unclear, it appears that the pre-reducing solution (KI) breaks the complex formed by the association Sb(V)-8-hydroxyquinoline. A similar behavior was previously reported [19] , using a mixture of 0.1% 8-hydroxyquinoline + 2.0% KI and achieving a recovery close to 100% for a mixture of Sb(III) + Sb(V).
3) In the last step, the total antimony is determinated, i.e. inorganic species and TMSb.
In this step, V6 is switched in "off" position allowing the bypass to the minicolumn.
Thus, the total antimony is determined and the TMSb concentration is obtained by subtraction of previous inorganic fraction concentrations.
Results and discussion
Optimization of the hydride generation system
The optimization of the analytic fluorescence procedure was performed in two steps. . The flow gas parameter (Ar, N 2 and H 2 was used as previous paper [24, 25] and preliminary studies); sample flow rate and acid sample was fixed according 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Journal of Analytical Atomic Spectrometry Accepted Manuscript 9 in the experiments for the antimony species. The overall desirability (D) was calculated by determining the geometric mean of individual desirabilities (Equation (3)).
Where, 
Speciation methodology
Preliminary results and those reported in the literature [29] showed the difficulties encountered in developing a methodology for the determination of the three species in anionic chromatographic methods. Such difficulties may be related to the fact that [31] .
The use of L-cysteine has been recognized as a pre-reductant for some years to reduce Sb(V) to Sb(III). However, it is known that its use yields a high value of the analytical signal of the blank. Besides, when L-cysteine is used as a masking agent, it will inevitably change the original Sb(V) to Sb(III), masking then the speciation impossible.
Therefore, potassium iodide was selected as pre-reductant for the reduction of Sb(V) to Sb(III) and the total Sb determination. The Sb(III) and Sb(V) were determined in absence and presence of potassium iodide. Figure 3 show the analytics signals obtained for the three species in study in the presence and absence of KI, without use of the minicolumn. For this reason, it was decided to use KI because of the high efficiency of speciation inorganic forms of Sb. Besides, one study reports that Sb(V) cannot be completely reduced to Sb (III) without a pre-reduction step [32] .
The compound 8-hydroxyquinoline was used as a masking agent in order to avoid any modification in the oxidation state of Sb(III) to Sb(V) [19] .
Analytical performance
Using the optimized experimental conditions, limits of detection (LOD) (3δ/s) and it can be concluded that the proposed method can quantify Sb species using external calibration using aqueous standards.
In order to investigate the effect of the inorganic Sb species over the TMSb determination, two curves of TMSb were performed: one for TMSb and other for TMSb in presence of 1.0 µg L -1 Sb(V) both in aqueous medium (pH=2.0) using [8] [9] [10] [11] hydroxyquinoline as masking agent and KI as pre-reduce reagent for Sb(V) The slopes for both curves showed no significant difference, with determination coefficient R 2 > 0.99 for a confidence level of 95%, as shown in Figure 4 . This indicates that TMSb can be determined in the presence of inorganic form of Sb (assay concentration similar than those found in fresh water), using a masking agent.
The analytical parameters to determine three studied species are shown in the Table 2 , and the instrument working conditions are summarized in the Table 3 .
The LOD, procedure used, sample matrix and chemical forms of antimony determined were compared between the proposed procedure and those achieved in other procedures for antimony determination ( Table 4) .
Validation of the proposed method and application in water samples
Since no certified reference materials exist for antimony speciation, the validation was performed by addition/recovery test (IUPAC, 2002) [34] . Hence, in order to establish the trueness of the proposed MSFIA-HG-AFS system for antimony speciation, real samples were spiked at trace level concentrations. Recoveries of drinking waters, coastal seawaters and groundwater doped with 0.2 and 0.4 µg L -1 ranged from 90% to 110% regardless of the sample matrix complexity (see Table 5 ). Therefore, it was demonstrated that automated MSFIA-HG-AFS system for antimony speciation are reliable and unbiased data for environmental analysis. The antimony species and total antimony was quantified by employing MSFIA-HG-AFS in water samples collected in Balearic Islands.
Conclusions
A new non-chromatographic automated method based on MSFIA coupled to HG-AFS for antimony speciation was described.
The maximum efficiency was obtained thanks to combining multivariate design optimization with multiresponse tools.
The proposed method provides several advantages such as a high degree of automation, an elevated precision (RSD < 5%), and low limits of detection that allow the Sb speciation analysis in environmental waters. Besides, a high injection frequency together with the minimization of sample and reagents volumes, make this method an efficient and environmental friendly tool for antimony species evaluation. 12 The proposed method was successfully applied to several kinds of water samples, reaching recoveries of 90-110%. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Journal of Analytical Atomic Spectrometry Accepted Manuscript 
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